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A STUDY OF TOXINS AND THE SEROLOGICAL REACTIONS IN 
SPRUE. 

Hv Cahi, Mkhki., M.D., 

ASSISTANT HllltUEUN, ». ITItl.lr IIIIM.lIl SEI1VUE. INSTITUTE HE Til. AI- MEUUTSE 

AND IIVOIKNK (IF 1‘OltTO RICO, HAN JUAN. 

Asiironi) having shown tin' relationship of the Moniliu psilosis 
to elinienl sprue the necessity of stuilies of the biological netivities 
of the Moniliu psilosis ns differentiated from other Moniliu led to 
the use of various serological tests. 

Very little being known about the'disease-producing substances 
of the Monilin, experiments were made to determine the toxic sub¬ 
stances of the Monilin and what substance could be used as a 
suitable constant antigen in the tests. 

Tiib Toxins. Cultures of virulent Moniliu psilosis which had 
been isolated from fatal eases of sprue, and which, when inoculated 
(10 c.c.) into a guinea-pig killed it in forty-eight hours, were used. 
The culture was made on glucose-bouillon incubated forty-eight 
hours, then shaken in a machine for four hours, and filtered through 
a ltcrkcfeld filter. Krom 2 to 10 e.e. of the filtrate were injected into 
several guinea-pigs. The animals at no time showed toxic symptoms 
or signs of infection. The same experiments were repeated with 
emulsions of cultures grown on solid media, and no symptoms of 
toxemia or infection appeared, which showed that no soluble toxin 
was present and that the toxin elaborated by Monilia psilosis is 
not extracellular. As a control, 5 c.c. of the unfiltered culture 
was injected into a guinea-pig, killing the animal in fifty-six 
hours. The Moniliu was recovered from the heart, spleen, and 
liver. These experiments led to the study of the Monilia proteins 
and endotoxins. 

Cultures of the Monilin being very difficult to kill, owing to the 
thermal death-point, which normally is 75° for ten minutes, and as 
that tem|HTatlire is injurious to the antigenic enzymes, auto- 
lyzatiou was used as a means to lower the thermal dentil-point. 
Cultures of Monilia psilosis were autolyzed by suspending in dis¬ 
tilled water, using one six-day culture to 10 e.e. of water. 'I he 
emulsion was incubated for four days, after which 0.5 per cent, 
phenol was added and heated to 5S° C. for forty-five minutes. 
Cultures made of the emulsion showed it to be sterile. The emulsion 
was filtered through a llerkcfcld filter and 10 e.e. injected intra- 
pcritoncnlly into a guinea-pig. Slight toxic symptoms were observed 
from which the nnimnl recovered within twenty-four hours, l’tve 
c.c. of the unfiltered emulsion injected intrapcritonenlly caused an 
animal to become severely sick with severe diarrhea and toxic 
symptoms, the animal losing 20 grams within two days. On the 
third day the symptoms subsided and the animal recovered. 
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All (Tiiulsiini of Monilin psitosis was prepared, autolyzed, anil 
killed, one four ilnvs slant culture growth I icing used for each 10 
c.e. of O.Ji per rent. phenol solution. Animal and cultural tests 
were made to test its toxity and sterility. Fifteen persons, who gave 
no clinical symptoms of sprue and who in no way had been exposed 
to the disease, were injected. Knell person was injected subcuta¬ 
neously with ().l!i c.e. of the emulsion. A slight local reaction was 
noticed at the site of injection, which lasted about eighteen hours 
and then gradually disappeared, leaving a small indurated area, 
lu one case there was a slight rise in temperature which dropped 
after forty-eight hours. 

.Several persons who had typical sprue were each injected with 
0.1 c.e. of the emulsion. A pronounced reaction resulted and there 
was an aggravation of all the sprue symptoms. The reaction lasted 
for three or four days and slowly, subsided. The local reaction 
persisted for five days. This showed that the Monilia proteins and 
endotoxins were to lie considered as tiie active toxic substances in 
sprue, and would be of greatest antigenic value, and that these 
substances have the power to stimulate the production of antibodies 
in iiiau. 

Arri.utinattoN ltr.ACTION. To determine the specificity of the 
Monilia an agglutination test was used. 

Two rows of tubes were set up, each containing 0.1 c.e. of normal 
salt solution. The serum of a clinically and culturally positive 
case of sprue was added in dilutions of 1 to 10, I to 5, and 1 to 2. 
'I'o this was added 0.2 c.e. of a strong Monilia psilosis emulsion. 
In the other row normal serum was used ns n control. The tubes 
were incubated eighteen hours and the results observed. In the 
tube which contained 1 to 2 dilution of positive serum a flaky 
precipitate was found upon slight agitation. The tubes containing 
the normal serum, upon agitation, remained uniform. Using this 
test as a basis a number of tests were made in which an emulsion 
of a Cryptococcus and normal serum were used for controls. 

It was found that the agglutination test using the Monilia emulsion 
and known sprue serum was positive in only the eases which had 
severe sprue, with the serum of mild or Intent eases the reaction 
was negative mid no perceptible agglutination resulted. 

Precipitin tests using Monilin filtrates were tried and diil not 
yield any satisfactory results. 

Comi'I.kmknt-fination Tkst. The complement-fixation test 
in sprue requires careful interpretation. In order to establish a 
positive standard, careful preliminary tests were made to determine 
the specificity of this test to the clinical cases. All of the tests 
made were checked up clinically and inycologically by Ashford. 

Piikpahation of Antigbns. Cultures of Monilin were made 
on Kaboiiraud’s glucose media, incubated four weeks. The growth 
was washed off with distilled water, using one culture to It) c.e. 
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The emulsion was shaken in a maehine for two hours and incubated 
for four (lavs to allow autolyzation. Half of 1 per cent, phenol was 
added as a preservative and the emulsion heated to 58° for one hour. 
Cultures were made as to its sterility. It was then titrated for its 
hemolytic and nnticomplcmcntnry action. In the tests 1 c.e. was 
used as a standard. This emulsion 1ms been used six months and 
the standard has not changed, which makes it a very stable antigen. 
Old cultures make the best antigens. Antigens made of young 
cultures lose their stability. Antigens made from the liver 
and heart of animals that died of acute sprue wore of no value. 
I.ivcr extracts from a patient dying of sprue gave unsatisfactory 
results. 

Al.COIIOI.IC Antioknk. Emulsions of Monilia made in distilled 
water and incubated, after whieh the emulsion was heated to 58° 
for one hour and shaken in the machine for four hours. The emul¬ 
sion was centrifuged and the sn|iernnting liquid poured olf. To 
1 c.e. of the sediment 15 c.e. of alcohol were added and incubated for 
two days. In the tests I c.e. of a 5 ]>cr cent, solution was used. 
The antigen showed positive iu many eases, but was not constant 
in the delicate tests. The most preferable antigen is the watery 
emulsion, which is the most constant. The anticomplemcntary 
action of this emulsion is about 0.25 c.e. In the actual tests 0.07 
to 1 c.e. was used. 

SKltt'M. Scrum used was decomplcmcntizcd by beating for an 
hour at 5(i° ('., 2 c.e. of serum used. It is advisable to heat all 
serum to destroy the thcrmolahilc anticomplcmcntury enzymes. 
If natural only I c.e. was used. It is of interest to note that in I’orto 
llieo the complement content of human blood was extremely high 
as compared to the I'nitcd States, and heating at the 50° for thirty- 
minutes did not destroy all the complement. This was overcome by 
heating the blood at 50° for au hour and allowing it to stand for at 
least twelve hours before using. 

('ojipi.KMKNT. In these tests (1.3 c.e. of a It) per cent, solution 
of guinea-pig serum was used. 

Amiiockitoii. Antisheep amboceptor 10 J H> solution of serum 
titrated so that 1 unit=2 c.e. In the tests 1} units or 0.3 c.e. were 
used. 

liltYTHHOCYTKS. I c.e. of a 5 per cent, solution of sheep cor¬ 
puscles were used. 

Technic. The technic employed in these tests were the YVasser- 
mnmi, Noguchi, and a modified Wassennann iu whieh concentrated 
scrums were used. 

In the Wassermanu test two series of tubes were set up. One 
series containing 0.1 e.e. of normal serum. Iu the other 0.2 c.e. of 
inactivated serum was used; 0.7 e.e. of Monilia psilosis antigen was 
added to each series. A control series of live tubes each was set 



ISO MICIII'X: TOXINS AND KKIIOI/KIICAI. IIKACTIONH IN SI’HUK 


up for each test, and the following antigens used; 0.1 e.e. of antigen 
prepared from a noil-virulent Monilia isolated from feces, 0.1.e.e. 
of a white Monilia antigen, 0.1 e.e. of a red Crvptococcus antigen 
whieh was isolated from feces, 0.1 e.e. of a combined antigen pre¬ 
pared from mixture of all the antigens used. Another series of con¬ 
trols using syphilitic antigen was used. To nil these tubes 0.3 e.e. 
of a 10 per cent, guinea-pig serum was added and 1 e.e. of salt 
solution. The tubes were then heated in a water-bath for half 
an hour, after whieh 0.3 e.e. of nntishcep amboceptor and 1 
e.e. of 5 per cent, sheep erythrocytes was added. The tubes were 
again incubated for thirty minutes and the results taken. 

In the Noguchi test similar technic was employed, using the snniD 
number of controls. 

In the modified Wassermann test 1 drop of scrum, 2 drops of 
antigen, 1 drop of undiluted complement and 10 drops of salt 
solution was placed in each tube. The tubes were then incubated 
for twenty minutes at 37° 0., after which 2 drops of sheep 
amboceptor and 0.2 e.e. of 10 per cent, sheep corpuscles were added. 
The tubes were again incubated for half nn hour and the results 
taken. The Noguchi method proved to be the most delicate, and 
when this test was negative the eases were also found to lie negative 
myeologically and clinically. In all eases whieh gave a positive 
result by the Wnsscrmnnn reaction the Monilin psilosis was isolated 
from the feces mid the ease had clinical symptoms, with the exception 
of a few described in Ashford's article. The results of all these tests 
depend upon having proper antigens, mid it is noted that antigens 
prepared from young cultures will not give a pronounced reaction. 

SpKITFKTTV OK the Tkst. Out of over J00 tests made, including 
various diseases, all eases which were diagnosed clinical sprue mid 
from whieh the Mouilin psilosis was isolated from the tongue mid 
feces, the complement-fixation test was jiositivc. 

The other Mouilin antigens used have faintly positive results 
only in severe eases of sprue. In these tests the results with other 
Monilia antigen was about 15 per cent, positive, while the reaction 
with the psilosis antigen was KM) per cent, positive. It is of interest 
to note that this reaction varies with the condition of the patient. 
In eases of chronic or latent sprue, and in eases which had recovered, 
the reaction tends to become negative. 

(iuinea-pigs which hud been injected twice ill ten days with 
5 e.e. of a lion-virulent Mouilin psilosis culture gave positive tests, 
and ns the animal recovered the reaction became negative. 

Cases which had clinical syphilis mid sprue, the fixation test for 
both these diseases was positive. 

Pellagra having been demonstrated by (loldliergcr as a diet 
deficiency disease, the same view has been taken regarding sprue. 
Ill these series several eases of pellagra were included. All these 
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oases were severe mid hail typical symptoms of that disease, am! in 
no ease was the Monilia psilosis isolated. The complement-fixation 
test in all these eases was negative, with the exception of one faintly 
positive. . , . . 

(iilinea-pig serum of an animal which had lieen inoculated with a 
killed culture of Monilia psilosis gave n strong positive reaction. 

It is of interest to note that the serum from animals which laid 
been inoculated with live cultures or killed cultures of Momlia 
psilosis gave the same results as the serum of patients that have 
sprue, atul from winch the Monilin psilosis had been isolated from 
tongue and feces. In view of these results and with Ashford s 
clinical and inveologieal work it is strongly evident that the Momlia 
psilosis of Ashford is the etiological factor in sprue. At the present 
time tests arc being made daily in this lalxmitory, with the same 
constant results as described in this article. 


THE DISINFECTION OF DRINKING WATER, 
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Tiik sterilisation of contaminated drinking water is a problem 
of special importance in war time. The use of bleaching powder, or 
similar hypochlorite or chlorin preparation, has been used with the 
greatest success for the sterilization of relatively large volumes of 
water. The use of water carts containing water treated with a 
carefully regulated quantity of bleaching powder has given every 
satisfaction when the method could be satisfactorily carried out, 
as, for example, when troops are practically stationary. The 
problem of sterilizing small individual quantities of water, such as 
are needed by cavalry or rapidly moving troops, is a much more 
difficult problem which, up to the present, has not been perfectly 
solved. The use of hypochlorites for such purposes is diliieult, 
owing to the instability of small tablets containing the minute 
quantity of active disinfectant. In their place, acid sulphates of 
the alkali metals have been extensively used in tablet form, hut the 
superior potency of many chlorin compounds would indicate that 
a stable potable chlorin disinfectant suitable for the sterilization of 
small quantities of water was desirable. With this end in view we 
have made a number of experiments with various types of sub¬ 
stances, one of which we believe to be worth practical application. 



